Estrogen receptor (ER) has potent antiproliferative and anti-inflammatory properties, suggesting that ER-selective agonists might be a new class of therapeutic and chemopreventative agents. To understand how ER regulates genes, we identified genes regulated by the unliganded and liganded forms of ER and ER in U2OS cells. Microarray data demonstrated that virtually no gene regulation occurred with unliganded ER, whereas many genes were regulated by estradiol (E 2 ). These results demonstrate ER requires a ligand to regulate a single class of genes. In contrast, ER regulated three classes of genes. Class I genes were regulated primarily by unliganded ER. Class II genes were regulated only with E 2 , whereas Class III genes were regulated by both unliganded ER and E 2 . There were 453 Class I genes, 258 Class II genes and 83 Class III genes. To explore the mechanism whereby ER regulates different classes of genes ChIP-seq was performed to identify ER binding sites and adjacent transcription factor motifs in regulated genes. AP1 binding sites were more enriched in Class I genes, whereas ERE, NFKB1 and SP1 sites were more enriched in class II genes. ER bound to all three classes of genes demonstrating that ER binding is not responsible for differential regulation of genes by unliganded and liganded ER. The coactivator, NCOA2 was differentially recruited to several target genes. Our findings indicate that the unliganded and liganded forms of ER regulate three classes of genes by interacting with different transcription factors and coactivators.
Estrogen receptor (ER) has potent antiproliferative and anti-inflammatory properties, suggesting that ER-selective agonists might be a new class of therapeutic and chemopreventative agents. To understand how ER regulates genes, we identified genes regulated by the unliganded and liganded forms of ER and ER in U2OS cells. Microarray data demonstrated that virtually no gene regulation occurred with unliganded ER, whereas many genes were regulated by estradiol (E 2 ). These results demonstrate ER requires a ligand to regulate a single class of genes. In contrast, ER regulated three classes of genes. Class I genes were regulated primarily by unliganded ER. Class II genes were regulated only with E 2 , whereas Class III genes were regulated by both unliganded ER and E 2 . There were 453 Class I genes, 258 Class II genes and 83 Class III genes. To explore the mechanism whereby ER regulates different classes of genes ChIP-seq was performed to identify ER binding sites and adjacent transcription factor motifs in regulated genes. AP1 binding sites were more enriched in Class I genes, whereas ERE, NFKB1 and SP1 sites were more enriched in class II genes. ER bound to all three classes of genes demonstrating that ER binding is not responsible for differential regulation of genes by unliganded and liganded ER. The coactivator, NCOA2 was differentially recruited to several target genes. Our findings indicate that the unliganded and liganded forms of ER regulate three classes of genes by interacting with different transcription factors and coactivators.
Estrogens are essential for the development of the reproductive system. They also exert important actions on non-reproductive tissues, such as the bone (1) and cardiovascular system (2) . Many biological effects of estrogens are mediated by two estrogen receptors (ERs), ER (estrogen receptor alpha, NR3A1, ESR1) and ER (estrogen receptor beta, NR3A2, ERS2) (3, 4) . The binding of estrogens to ERs produces genomic effects (3, 4) that regulate gene transcription and non-genomic effects (5) that regulate ion channels and signal transduction pathways. The genomic pathway is better characterized. This pathway is initiated by the binding of the estrogen-ER complex to specific regulatory elements in target genes. The estrogen-ER complex can bind directly to DNA via an estrogen responsive element (ERE) or become tethered to a transcription factor (3, 4) . Once bound to a regulatory element the estrogen-ER complex can interact with adjacent transcription factors and recruit a variety of coregulators that result in the activation or repression of target genes by modifying chromatin structure (6) (7) (8) (9) (10) .
Although ER and ER have a similar structure, they produce different biological effects (3, 4) . The ER and ER knockout mice have different phenotypes demonstrating that the two ERs have different physiological roles (11) (12) (13) . ER is essential for the development of the reproductive tract and mammary gland because it promotes cell proliferation. In contrast, ER appears to have an anti-proliferation role because ER knockout mice develop prostate hyperplasia and a myeloproliferative disease (12, 14) . In addition, the expression of ER in breast and colon cancer cells inhibits cancer cell proliferation and tumor formation in mouse xenograft models (15) (16) (17) (18) (19) , which supports an anti-proliferative role for ER. ER and ER regulate different genes in response to E 2 and selective estrogen receptor modulators (20, 21) . For example, only about 40% of the genes regulated by E 2 in U2OS cells that express ER are also regulated in U2OS cells that express ER (20) .
It is unclear how ER and ER produce unique physiological effects and regulate different genes, but it could be due to differences in their binding to different regulatory elements in target genes. ER binding sites have been identified in MCF-7 breast cancer cells by using tiling arrays (6, 22, 23) and ChIP-Seq (24) . In contrast to ER, very little is known about the binding sites for ER in the genome. However, because of the antiproliferative properties of ER, a greater understanding of how it regulates genes is critical to develop ER-selective drugs that might be useful for chemoprevention of cancers. While genome wide analysis by tiling arrays and ChIP-Seq are powerful methods to identify ER binding sites and transcription factors that are associated with ER binding sites, it is clear from these studies that most of the binding sites detected by these methods are not functionally active (6, 22, 23) . Furthermore, it is difficult to determine which ER binding site is associated with a particular regulated gene. For example, we used a ChIP-sequencing cloning strategy that identified 173 regulatory elements associated with ER that were active in transfections assays (25) . However, there was a poor correlation between the presence of regulatory elements and the regulation of the nearest gene by real-time PCR (25) . This finding suggested that the regulatory elements regulated distant genes rather than the closest gene (26) . In this study, we combined expression data with ChIP-Seq analysis to identify functional ER binding sites in target genes.
EXPERIMENTAL PROCEDURES
Cell lines and Cell Culture-Tetracycline-inducible U2OS-ER and U2OS-ER cells were maintained as previously described (20) . The cells were maintained continuously in phenol red-free medium with fetal bovine serum stripped of estrogens.
Microarrays and Data Analysis-Total cellular RNA was isolated utilizing the Aurum RNA isolation kit, (Bio-Rad, Hercules, CA), per the manufacturers' directions. RNA isolates were first quantified by standard spectrophotometry, and then qualitatively evaluated by capillary electrophoresis employing the Bio-Rad Experion system per the manufacturers' instruction. Biotin-labeled cRNA samples were prepared with 750 ng of total RNA template. Following synthesis and purification, the biotin-labeled samples were evaluated by both 260/280 absorbance spectrophotometry and capillary electrophoresis. The final labeled cRNA samples were hybridized overnight against 48,000 transcripts HumanWG-6 BeadChip arrays (Illumina, San Diego, CA). The Illumina microarrays were processed at the UCSF Genomics Core. All treatments were done in triplicate and same batch of microarrays were used for all treatments. The Illumina expression arrays were pre-processed using lumi package (27) . The differential expression analysis was performed using the Limma package (28) . These packages are all available in R/BioConductor. Probes were selected for further analysis if the fold change was greater than 2 and multiple testing adjusted p-value using Benjamini and Hochberg procedure (BH-adjusted p-value) was less than 0.05 (29). The heatmaps of log intensities of genes across different experiments were produced using Cluster and TreeView software (30) . Cluster software was used to perform the hierarchical clustering based on Pearson correlation coefficients (PCC) to find clusters of genes with similar expression patterns. TreeView was then used to visualize the clusters and produce the figures. All microarray data will be submitted to the Gene Expression Omnibus.
RNA Extraction and Reverse Transcription-
Polymerase Chain Reaction-Total RNA was extracted and isolated with the Aurum RNA isolation kit (Bio-Rad) per the manufacturers' directions. Reverse transcription reactions were performed using 1 g of total RNA as previously described (31) . Real-time PCR was performed with the BioRad iCycler using iQ SYBR Green Supermix (Bio-Rad). The sequences of the primers used are showed Supplemental Table 1 .
ChIP-Seq-Amplified ChIP DNA samples were prepared utilizing the ChIP-Seq DNA-Sample Prep Kit per manufacturers' protocol (Illumina, San Diego), with the following modifications. Following gel purification and clean-up of the adapter ligated ChIP DNAs, PCR amplification was performed as described for 20 cycles. Final amplified ChIP DNA libraries were analyzed using the Experion capillary electrophoresis system and 1K DNA chips (Bio-Rad, Hercules). Cluster preparation and subsequent single-read sequencing was performed at Vincent J. Coates Genomics Sequencing Laboratory (University of California, Berkeley). MACS peak caller was used to identify ER binding sites for ChIP-seq data (32) . Peaks with p-values less than 10 -20 were selected for further analysis. All ChIP-seq data will be deposited in public databanks.
Motif analysis-CisGenome software (33) was used to scan the peak sequences (400 bp around the peak center) with Transfac weight matrices (34) . A segment was claimed as a predicted motif if its log10 of likelihood ratio score was at least 3.6. To identify known and novel factors enriched near class I and II genes, the best 138 Doxy peaks within 5 kb of class I genes and 132 Doxy + E2 peaks within 5 kb of class II genes were investigated for motif enrichment. Four hundred bases centered on the peak centers were compared to the background sequences consisting of matched genomic controls which contained sequences of the same number and length as peak sequences and were randomly chosen to match the physical distribution of the peak regions (33) . Only motifs having frequency more than 8% among the investigated peaks and having more than 1.9 fold relative enrichment compared to the background sequences were considered as enriched.
Chromatin Immunoprecipitation (ChIP)-Cells were treated as indicated in the figure legends and then were cross-linked, collected, and lysed as previously described (35) . Immunoprecipitations were performed overnight at 4 °C with anti-ER (6A12 14C8, and 7B10; GeneTex, San Antonio, TX), or anti-NCOA2 (GRIP1; Abcam, Cambridge, MA). PCR was done with primers shown in Supplemental Table 1 . Experiments were done in triplicate and the mean ± SE was calculated and statistical analysis was performed using the Prism curve-fitting program (Graph Pad Software, version 3.03). Results are representative of data collected from at least three experiments.
RESULTS
ER Regulates Three Classes of Target GenesOur main objective was to identify target genes for unliganded and liganded ER and binding sites for ER in the regulated genes by ChIP-Seq. We used U2OS cell lines that are stably transfected with a doxycycline-inducible ER (20) . This feature allowed us to measure the effects of unliganded ER in cells that were treated only with doxycycline and liganded ER when the cells were treated with both doxycycline and E 2 . For comparison, we also used U2OS-ER cells for the microarray analysis. We previously reported that the U2OS-ER and U2OS-ER cells express comparable levels of receptors after induction with doxycycline (20, 36) . The cells were maintained in the absence or presence of doxycycline for 18 h to induce the expression of ERs. Following treatment with E 2 total RNA was isolated and then microarrays were performed. The heatmaps show that a significant change in the gene expression pattern in the U2OS-ER cells occurred only with the addition of E 2 ( Figure 1A ). Doxycycline produced a small upregulation of only 1 gene and downregulation of 3 genes ( Table 1 ). The addition of E 2 to doxycycline treated U2OS-ER cells resulted in the activation of 518 genes and repression of 157 genes ( Table 1 ), demonstrating that ER is functional in these cells. These data indicate that ER requires the ligand to regulate gene transcription in U2OS cells. In contrast, doxycycline-induced expression of ER in U2OS cells produced a dramatic change in the gene expression pattern ( Figure 1B ). In the absence of ligand, ER expression was followed by the upregulation of 401 genes and downregulation of 135 genes by at least 2-fold ( Table 1 ).
The addition of E 2 to U2OS-ER cells treated with doxycycline led to an upregulation of 894 genes and downregulation of 354 genes (Table  1) . Interestingly, we could distinguish between three distinct classes of regulated genes in the U2OS-ER cells (Table 2 ). There were 453 Class I genes regulated by unliganded ER. Class II genes were 258 genes not regulated by unliganded ER, but regulated by E 2 -bound ER. Class III genes were 83 genes regulated by unliganded ER, and potentiated by the addition of E 2 ( Table 2 ). The three classes of regulated genes in the U2OS-ER cells are listed in Supplementary Table 2 . To verify the results of the microarray, we selected two genes in each class and studied their regulation by real-time PCR. Similar to the microarray data, doxycycline produced a strong activation of the class I genes, MSMB and TMOD1 in the absence of ligand (Figure 2A and B, respectively). The CECR6 and DHRS9 class II genes were not activated by doxycycline, but were stimulated by E 2 ( Figure 2C and D, respectively). The class III genes, CST5 and HAVCR2 were activated by unliganded ER and markedly potentiated with the addition of E 2 ( Figure 2E and F, respectively). The RT-PCR data confirm that there are three classes of gene regulated by ER, but show that the different classes are relative, rather than a definite distinction.
Identification of ER binding Sites by ChIP-Seq-
To investigate the mechanism whereby ER can regulate three classes of genes, we performed ChIPSeq to identify ER binding sites and transcription factor motifs in each class of genes. After the addition of doxycycline, U2OS-ER cells were treated in the absence or presence of E 2 and then DNA was immunoprecipitated with antibodies to ER. The DNA fragments were sequenced and mapped to the human genome (HG18 assembly) using Eland. Peaks with p-values less than 10 -20 were selected for further analysis. Using this cutoff, there were 5,768 binding sites predicted for unliganded ER and 11,975 binding sites predicted for liganded ER.
The Majority of Genome-wide ER Binding Sites are Present within 50 kb of Genes-When ER was expressed without a ligand, the majority (76%) of ERbinding sites were located within 50 kb of a gene. About 25% of these sites occurred within a gene, 13% were in proximal promoter region of genes, 2% at the 3'-end of a gene, 36% elsewhere in a more distal region (5 kb to 50 kb), and the remaining 24% were over 50 kb from a gene (Table  3) . A similar distribution of ER binding sites were observed when E 2 was present ( Table 3 ). The genome-wide distribution of ER binding sites is significantly different from that expected under a random distribution, with more enrichment within 50 kb of genes, specifically, in distal regions (5 kb to 50 kb) and proximal promoter regions of genes (p-value < 2×10
-16 based on a chi-square test). We then focused on the distribution of ER binding sites within 5 kb of genes, because it is likely that many of these sites will be involved in regulating the activity of genes. For class I genes, when ER is expressed without its ligand, 26% of ER binding sites were located in promoters, 68% in intragenic regions and 6% in 3' end regions ( Figure  3A) . For class II genes, with the addition of E 2 more ER binding sites (38%) were found at promoters, whereas 53% were present in intragenic regions and 9% in 3' end regions ( Figure 3B ). These findings demonstrate that there is an enrichment of ER binding sites in the promoter and 3' end regions of class II genes, (47%) compared to class I genes (32%) with a p-value of 0.004 using a binomial test.
ER Binding Sites are Enriched in Target Genes-
To examine if the ER binding sites are likely to be functional, we focused on the ER binding sites that were in close proximity (5 kb) to the transcriptional start site (TSS) of the three classes of regulated genes. About 11% of all genes had binding sites within 5 kb in unliganded samples, whereas 20% had sites within 5 kb in E 2 -treated samples (Table 4) . When the analysis was restricted to regulated genes in the three classes, we found that 43% of the class I genes had unliganded ER  sites, 76% of the class II genes had liganded ER binding sites and 60% and 82% of class III genes had unliganded and liganded ER binding sites within 5 kb, respectively. These percentages are significantly higher than the corresponding percentages observed for all genes (pvalues < 2.2×10
-16 based on a binomial test). The average number of sites within 5 kb in these three classes of genes was also much higher compared to unregulated genes. The enrichment of ER binding sites within 5 kb of regulated genes indicates that there is a positive relationship between binding and regulation, and that many sites near regulated genes are likely to be functional. The higher enrichment of ER binding sites near class II and class III genes in E 2 -treated samples indicates that E 2 causes more ER recruitment to regulated genes.
AP1 Sites are Enriched in Class I Genes
Relative to Class II Genes-To investigate the mechanism whereby ER regulates different classes of genes, we next searched for the enrichment of known motifs involved in ER regulation that are adjacent to ER binding sites in the three classes of genes. In addition to the classical ERE, other motifs have been shown to be important for ER-mediated transcription, including AP1, SP1, FOXA1, OCT1, NFKB1 and PAX2 (6, (37) (38) (39) (40) (41) . This suggests that differences in adjacent transcription factor motifs in the three of classes of genes might account for different pattern of gene regulation. CisGenome software (33) and Transfac (34) weight matrices were used to scan a 400 bp sequence around the peak center for ER binding sites. Of the known factors, we found that AP1 ( Figure 3C ), ERE ( Figure  3D ), SP1, NFKB1 and PAX3 were enriched in the regulated genes compared to the background sequences, but not FOXA1, OCT1 and CEBP. In class I genes only AP1 was enriched by over 3-fold, whereas ERE, NFKB1 and SP1 sites were enriched in class II genes (Table 5A) . We examined the location of the AP1 ( Figure 3E ) and ERE ( Figure  3F ) motifs in relation to the peak center and found that they were centered within the binding regions. In addition to known factors, we searched for potential novel factors that might be important for ER regulation of genes. MYOD, ETS1 and AP4 were enriched in class I genes (Table 5B) , whereas ZEB1, CMAF, HES1, E2F, SREBP1, MYC, TFCP2, AP2 and GTF2I were enriched in class II genes (Table 5C) .
Unliganded ER Binds to All Three Classes of
Genes-Our data indicates that the transcription factor motifs that are adjacent to ER binding sites are different in class I genes compared to class II genes, which could account for some differences in genes regulated by ER. Another possibility is that unliganded or liganded ER binds to different genes in three classes of genes. To explore this possibility, we examined the binding of ER to two members of class I (MSMB and TMOD1), class II (CECR6 and DHRS9) and class III (CST5 and HAVCR2) genes. We selected PCR primers that spanned the ER binding peaks from the ChIP-seq data ( Figure 4A-F) . U2OS-ER cells were treated with doxycycline to induce ER, and then exposed to E 2 for 1 h before ChIP was done. One hour was the time of maximal ER binding (data not shown). For all three classes of genes, ER bound to the genes in the absence of ligand ( Figure 5A-F) , demonstrating that unliganded ER is recruited similarly to each class of target genes. The addition of the E 2 did not significantly alter the binding of ER to the three gene classes. These data suggest that ER binding is necessary for all three classes of genes but is not sufficient to induce class II genes expression.
NCOA2 is Differentially Recruited to Some of the ER Target
Genes-Our results show that the differential regulation of gene expression by unliganded and liganded ER is not due to the selective binding of ER to the different classes of target genes. Another possible explanation is that unliganded ER differentially recruits coactivators to the three classes of genes. To investigate this possibility, we performed ChIP for NCOA2, the major coactivator recruited to target genes in U2OS cells (25) . NCOA2 recruitment to target genes was maximal following 2 h treatment with E 2 (25) . In the presence of unliganded ER, NCOA2 was recruited to the class I genes MSMB and TMOD1 ( Figure 6A and B), but not the class II genes CECR6 and DHRS9 ( Figure 6C and D) . In contrast, the addition of E 2 recruited NCOA2 to the CERC6 and DHRS9 genes. Both unliganded and liganded ER recruited NCOA2 to the class III genes CST5 and HAVCR2 (Figure 6E and F) . These results demonstrate that NCOA2 is differentially recruited to these genes by unliganded and liganded ER.
DISCUSSION
ER has potent anti-proliferative (15,16) and anti-inflammatory properties (42, 43) , which indicate that ER selective agonists could be useful therapeutic and chemopreventative agents. To exploit these properties it is crucial to understand how ER regulates genes and why it has different properties than ER, which is associated with cell proliferation and tumor formation. Our microarray data shows that ER and ER regulate different genes. Furthermore, we found that unliganded ER, but not unliganded ER regulates numerous genes in U2OS cells. The different effects by unliganded ERs were not due to differences in the levels of ER and ER, because we previously reported that the U2OS cell lines express comparable levels of receptors after induction with doxycycline (20, 36) . These findings indicate that unliganded action is a unique property of ER in U2OS cells.
Whereas ER only regulated a single class of genes that was dependent on the presence of ligand, microarray analysis revealed that there are three distinct classes of genes regulated by ER. Class I genes are regulated by primarily by unliganded ER, class II genes are regulated only by liganded ER and class III genes are regulated by unliganded ER and potentiated with the addition of E 2 . Real-time PCR of multiple genes verified the microarray data demonstrating the existence of the three classes of regulated genes. To begin to understand how ER regulates the different classes of genes, we performed ChIP-seq to identify genome-wide ER binding sites. We found that there was over 5,000 ER binding sites for unliganded ER, and over 11,000 sites for liganded ER. This number of binding sites is consistent with the number of ER binding sites identified with genomic tiling arrays (6) and ChIP-seq (24) . The location of the binding sites showed that most of the unliganded and liganded ER binding sites are present within genes. About 25% of the ER binding sites were found in the proximal promoters, which suggest that these sites are involved in gene regulation.
Our findings raise several important questions regarding the action of ERs. For example, how do ER and ER regulate different genes? The most likely explanation is that ER and ER bind to different regulatory elements on target genes. The ER binding sites on chromosome 1 and 6 were previously reported using tiling arrays in U2OS cells expressing ER (23 Another important question raised by our findings is; how does ER regulate three different classes of genes? We investigated three possibilities. First, we examined if transcription factors motifs adjacent to ER bindings were different in class I and II genes. We found that AP1, MYOD, AP4 and ETS1 binding sites were enriched in class I genes compared to class II genes. Other motifs were enriched in class II genes, including elements known to mediate ER responses, such ERE, NFKB1 and SP1. Class II genes were also enriched in sites not known to be involved in ER regulation. These include ZEB1, CMAF, HES1, E2F, SREBP1, MYC, TFCP2, AP2 and GTF2I. Our findings indicate that some differences in gene regulation by ERis likely due to it interacting with different transcription factors that are adjacent to the ER binding site in the three classes of genes.
Another potential mechanism that we investigated is that the unliganded and liganded forms of ER bind differentially to the three classes of genes. However, this does not occur because we found that ER bound similarly to members of the three classes of genes in the absence or presence of ligand. Based on this finding it appears that the unliganded ER can bind to all three classes of genes, but can only regulate class II and III when the ligand is present. Another possible mechanism for the differences in the regulation of genes by ER is the differential recruitment of coactivators to ER. We found that the coactivator, NCOA2 is recruited by unliganded ER in two of the class I and two of the class III genes, whereas only the ligand causes recruitment of NCOA2 to two of the class II genes. Our data indicates that in these genes unliganded ER is bound to the regulatory elements in all three classes of genes, but is activated by the recruitment of NCOA2. When ER is bound to class I and III genes it is capable of recruiting NCOA2 in the absence of ligand. In contrast, in the two class II genes, the bound ER recruits NCOA2 only when it binds the ligand. While these findings suggest that NCOA2 recruitment is important for determining the class of genes regulated this needs to be confirmed by studying NCOA2 recruitment to a much larger set of genes by tiling arrays or ChIP-seq. It is well established from structural studies that binding of the ligand moves helix 12 in the LBD into a position that allows the recruitment of coactivators (45, 46) . It is likely that when unliganded ER is bound to some class I and III genes helix 12 is in a position that allows coactivator recruitment even without ligand, whereas in class II genes the repositioning of helix 12 by the ligand is essential for the binding of coactivators. Since there are numerous co-factors involved regulating ER action (9, 47, 48) it is likely that other co-factors besides NCOA2 are also important for the differences in gene regulation observed with unliganded and liganded ER.
In summary, we found that ER has different properties than ER in that it regulates three distinct classes of genes. Surprisingly, the unliganded form of ER regulated more genes than the liganded form. The differential regulation of genes by unliganded and liganded ER is likely due to differences in the adjacent transcription factors and co-factors that interact with ER at the three classes of regulated genes. Our findings raise the possibility that drugs that increase the production of the unliganded form of ER in cells might be valuable therapeutic agents.
The abbreviations used are: ER, estrogen receptor; ERE, estrogen responsive element; ChIP-Seq, chromatin immunoprecipitation-sequencing; E 2 , estradiol; PCR, polymerase chain reaction; NCOA2, nuclear receptor coactivator 2; doxy, doxycycline; TSS, transcription start site Table 1 Number of genes regulated in the U2OS-ER and U2OS-ER cells. The cells were untreated (-Doxy), or treated with doxycycline alone (+ Doxy), or doxycycline and estradiol (+Doxy + E 2 ) for 18 h. The genes listed were significantly regulated by at least 2.0-fold (BH-adjusted p-value ≤ 0.05). Table 2 Three classes of genes are regulated in U2OS-ER cells. Following doxycycline treatment, ER is expressed in the cells and regulates the expression of the class I genes in the absence of ligand. The addition of E 2 induces the expression of the class II genes and potentiates the expression of the class III genes.
Table 3
Genome-wide distribution of ERbinding sites. ER expressing U2OS cells were treated without (unliganded) and with (liganded) 10 nM E 2 for 1 h. Peak regions were associated with HG18 RefGene table downloaded from UCSC genome browser. Peaks within 5 kb upstream and 2.5 kb downstream of a RefSeq gene TSS were annotated as being in the "Promoter" region. Peaks within 2.5 kb downstream of a TSS and 2.5 kb upstream of 3'end of the gene were annotated as "Intragenic". Peaks within 2.5 kb upstream of 3' end and 5 kb downstream of 3' end were annotated as "3' end". Peaks within 50 kb of a gene but excluded from the above three categories were annotated as "Within 50 kb". Peaks falling outside of 50 kb window of any gene were labeled as "Others" and considered as peaks involved in long range interactions. Table 4 Proportion of genes with ER binding site peaks within 5 kb region. ER expressing U2OS cells were treated with doxycycline alone (Doxy) for 18 hours, followed by vehicle or 10 nM E2 (Doxy + E 2 ) treatment for 1 hour.
Table 5
Percentages of known or novel factors enriched near class I, and II genes. Percentages of known ER interacting motifs, unknown motifs enriched in Doxy peaks near class I genes and motifs enriched in Doxy + E 2 peaks near class II genes. Only motifs having frequency more than 8% among the investigated peaks and having more than 1.9 fold relative enrichment compared to the background sequences (matched genomic controls) were considered as enriched. Sub-table (A) shows the percentages of known ER interacting motifs in class I Doxy Peaks and class II Doxy + E 2 peaks and the ratios of corresponding percentages of enriched motifs. "+" indicates the enrichment and "-" indicates the depletion. Sub-table (B) shows the percentages of unknown motifs enriched in class I Doxy peaks and the ratios of corresponding percentages. Motifs are ranked according to their relative abundance under class I, as compared to class II peaks. Sub-table (C) shows the percentages of unknown motifs enriched in class II Doxy + E 2 peaks and the ratios of corresponding percentages. Motifs are ranked according to their relative abundance under class II, as compared to class I peaks. 
